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(54) FLAME RETARDER OF ELECTROLYTE FOR LITHIUM BATTERY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electrolyte having flame 
retardance while maintaining battery characteristics by including 
trialkyl phosphate. 

SOLUTION: Trialkyl phosphate giving flame retardance to an 
. electrolyte is represented by formula I. In the formula, R1-R3 are the 
same or different straight-chain or branched alky I group having 1-4 
carbon atoms. Specifically trimethyl phjpsphate and dimethyl 
phosphate may be mentioned. The content of the phosphoric ester in 
the electrolyte depends on the capacity requirement of a battery, but 
when the whole amount of the solvent is replaced by the phosphoric 
ester, the flame retardance of the battery is maximized. For 
increasing the flame retardance by adding to the electrolyte as an 
assistant solvent, 1 5 wt.% or more phosphoric ester is preferable, and 
addition of 30 wt.% or more phosphoric ester is more preferable. As 
the solvent for mixing, ethylene carbonate, for example, is mentioned. 
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CLAIMS 



[Claim(s)] 

[Claim 1] General formula (I) :. [Formula 1] 

OR, 



( I ) 



R t 0 - P = 0 

I 

0 R » 

^nJiu^hf re the a,k ^l r0 r P i ° f *?? Sh3P , e 0f 3 Straight chain of carbon "ambers 1-4 which may differ even if 
:£fL^ S r. e ' an u the letter of branchmg among a formula Flameproofing agent of the electrolytic solution for 
lithium cells which is shown by) and which is trialkyl phosphate. ' . 

££! a ! m S The flameproofing agent according to claim 1 R1 -whose R3 are methyl groups 
LCIaim 3j The method of carrying out flameproofing of the electrolytic solution for lithium cells of making a 
flameproofing agent accord.ng to claim 1 or 2 containing 15% of the weight or more in the solvent of the electrolytic 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the electrolytic solution used for a lithium 

cell. According to this invention, the high lithium cell of safety can be obtained. 

[0002] 

[Description of the Prior Art] Conventionally, independent or the things which dissolved solutes, such as a lithium 
perchlorate, hoe lithium fluoride, Lynn lithium fluoride, and a trifluoromethane sulfonic-acid lithium, in these mixed 
solvents, such as propylene carbonate, gamma-butyrolactone, 1 , and 2-dimethoxyethane, are used for the lithium cell 
as the electrolytic solution. 

[0003] On the other hand, the organic compound which contains Lynn or a halogen in a molecule at inorganic 
compound rows, such as an antimony oxide and boric-acid zinc, is known as a flameproofing agent However, in case 
fire retardancy is given to the electrolytic solution, it is necessary not to bar the fundamental performance as the 
electrolytic solutions, such as conformity between conductivity, the operating potential range, operating temperature 
limits, and an electrode material. For example, in almost all cases, an above-mentioned inorganic compound and an 
above-mentioned halogenide are a solid matter, are insoluble to an organic solvent, and reduce conductivity. 
Moreover, halogenated hydrocarbons, such as a methylene chloride currently generally used as an organic solvent 
have a low dielectric constant and since conductivity is reduced, they cannot be used as a solvent used for the 
electrolytic solution. 
[0004] 

[Problem(s) to be Solved by the Invention] Since the solvent which is very easy to bum is being used for the 
above-mentioned lithium cell, when a cell breaks by the internal short circuit etc., it ignites to the electrolytic 
solution, and a device may be damaged or sparks may result in a fire. Especially, a lithium cell comes to be carried in a 
portable equipment and the safety of a lithium cell is changing importance with increase and a social problem 
increasingly in recent years. 
[0005] 

[Means for Solving the Problem] Maintaining the property as a cell by using low-grade phosphoric ester as the solvent 
or assistant solvent of the electrolytic solution, he succeeded in obtaining the electrolyte solution which shows fire 
retardancy, and this invention person completed this invention. 
[0006] That is, this invention is general formula (I):. [0007] 
[Formula 2] 
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0 - P = 0 
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0 R z 
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[0008] ( — R1-R3 are the alkyl groups of the shape of a straight chain of carbon numbers 1-4 which may differ even if 
mutually the same, and the letter of branching among a formula the flameproofing agent of the electrolytic solution for 
lithium cells which is shown by) and which is trialkyl phosphate — being related — ; — it is related with the method of 
carrying out flameproofing of the electrolytic solution for lithium cells of making this flameproofing agentcontaining 
1 5% of the weight or more in the solvent of the electrolytic solution again 

[0009] In the electrolytic solution for lithium cells which dissolved lithium salt in the organic solvent the fire-resistant 
electrolytic solution is obtained by using the solvent containing phosphoric ester. That is, this invention offers the 
flameproofing agent and the flameproofing method of making the electrolytic solution for lithium cells fire retardancy 
[001 0] 

[Embodiments of the Invention] The phosphoric ester to be used is the trialkyl phosphate (I) expressed with the 
following general formula, the monocycle formula phosphate (II) which alkyl groups combined mutually, and 2 ring type 
phosphate (III). 
[0011] 
[Formula 3] 
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[001 2] (R1-R4 are the alkyl groups of the shape of a straight chain of carbon numbers 1-4, and the letter of branching 
among a formula, and R1-may differ from R3 mutually.) - (C)- is a unit in the hydrocarbon group of the shape of a 
straight chain, and the letter of branching which has one carbon atom, and k, I, m, and n show the carbon number of 
this hydrocarbon group, and are k=2-8, I and m, and the integer of n=0~12. 

[001 3] As what is expressed with a general formula (III) to methyl-ethylene phosphate and a methyl trimethylene 
phosphate; row as phosphoric ester expressed with a general formula (I) as an example as trimethyl phosphate, 
dimethyl ethyl phosphate, methylethyl propyl phosphate, methyl diethyl phosphate, triethyl phosphate, TORIPURO pill 
phosphate, and a thing expressed with tributyl phosphate; general formula (II) [0014] 
[Formula 4] 

0-^ o 

/ A / 
0 = P - o 

\ 

[001 5] And trimethylolethane phosphate etc. can be illustrated. Also in these, the direction of phosphoric ester with 
small molecular weight melts a solute well, and since electrical conductivity is high, it is desirable. Since the Lynn 
content in the molecular structure is the highest and fire retardancy is large and does not ignite most highly 
electrical conductivity 3, especially trimethyl phosphate is the most desirable. 

[0016] The phosphoric ester used by this invention is trialkyl phosphate shown by the general formula (I). 
[001 7] Although the rate for which it accounts to the electrolytic solution of the above-mentioned phosphoric ester 
changes with military requirements of a lithium cell, when a solvent is made into the whole quantity and phosphoric 
ester, a fire-resistant high lithium cell is obtained most In order to add as an assistant solvent to the conventional 
electrolytic solution and to raise fire retardancy, if it is used 30% of the weight or more preferably, good fire 
retardancy will be acquired 15% of the weight or more. 

[0018] As a solvent which mixes the above-mentioned phosphoric ester, ether solvents, such as lactone solvent;! [. 

such as carbonate solvent gamma-butyrolactone, ], such as ethylene carbonate, propylene carbonate, and butylene 

carbonate, 2-dimethoxyethane, 1, 3-dioxolane, and a tetrahydrofuran, can be illustrated. 

[0019] Moreover, as a solute, LiCI04, LiBF4, LiPF6, UAsF6, UCF3S03, and LJAICI4 grade can be illustrated. 

[0020] 

[Example] The example of reference and the example of comparison are given to below, and this invention is explained 
still more concretely. 

[0021 ] As a fire-resistant appraisal method of the electrolytic* solution, the rate of combustion of the paper which 
sank in the electrolytic solution was adopted. The flash point was measured by the Pensky Martens closed tester. 
[0022] The Manila paper of 40 micrometers in width of face of 1 5mm, a length of 320mm, and thickness and density 
0.6 g/cm3 was dipped in the electrolytic solution (electrical conductivity 5.6 mS/cm in 25 degrees C) which dissolved 
LiBF4 [ with a mol concentration of 1 ] in example 1 trimethyl phosphate for 1 minute, for 3 minutes, it hung 
perpendicularly and the excessive electrolytic solution was removed. Thus, the Manila paper into which the 
electrolytic solution was infiltrated was immediately extinguished in less than 10mm of combustion distance, when it 
fixed at a level with the sample maintenance base which has a support needle at intervals of 25mm and the end was 
lit in a match. 

[0023] When asked for the rate of combustion from time to dip Manila paper in the electrolytic solution (electrical 
conductivity 7.8 mS/cm in 25 degrees C) which dissolved LiBF4 [ with a mol concentration of 1 ] in example of 
comparison 1 gamma-butyrolactone on the same conditions as an example 1 , and burn 300mm by the same ignition 
examination, the rate of combustion was 1 0 mm/s. 

[0024] In an example 2 and three examples 1, the solvent was changed into the mixed solvent (example 3) of the 
weight ratio 1:1 of triethyl phosphate (example 2), and gamma-butyrolactone and trimethyl phosphate, and the same 
ignition examination was performed. All showed high fire retardancy. 

[0025] In the example 1 of example of comparison 2 comparison, when the solvent was changed into propylene 
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carbonate and the same examination was performed, it was a flammability. 

[0026] The same ignition examination was performed about the Manila paper which does not sink in at all as the 
example 1 of reference - an example 1 of 7 reference, and the Manila paper which sank in only the solvent as 
examples 2-7 of reference. 

[0027] The result of these ignition examinations; the electrical conductivity of flash point [ of each example, the 
example of comparison, and the example (except for example 1 of reference) sample of reference ]; and each example, 
and the example sample of comparison is summarized in a row, and it is shown in Table 1. • 
[0028] In addition, the following cable address was used in Table 1. 

GBL Gamma-butyrolactone PC : Propylene-carbonate TMPrtri methyl-phosphate TEPitriethyl phosphate TBP* 
Tributyl phosphate. [0029] 
[Table 1] 
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[0030] -.. 

[Effect of the Invention] It became possible to obtain the electrolytic solution which shows the fire retardancy which 
was excellent in the solubility of a lithium salt solute, and was suitable and excellent in the electrolytic solution of a 
lithium cell with this invention. 

[0031] The electrolytic solution for lithium cells of this invention is used as the electrolytic solution of the high lithium 
cell of safety, especially a portable lithium cell. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the electrolytic solution used for a lithium 
cell. According to this invention, the high lithium cell of safety can be obtained. 
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PRIOR ART 



[Descnption of the Pnor Art] Conventionally, independent or the things which dissolved solutes, such as a lithium 
perchlorate. hoe I.thium fluoride. Lynn lithium fluoride, and a trifluoromethane sulfonic-acid lithium, in these mixed 
solvents such as propylene carbonate, gamma-butyrolactone, 1. and 2-dimethoxyethane, are used for the lithium cell 
as the electrolytic solution. 

[0003] On the other hand, the organic compound which contains Lynn or a halogen in a molecule at inorganic 
compound rows, such as an antimony oxide and boric-acid zinc. \s known as f a flameproofing agent However, in case 
fire retardancy is given to the electrolytic solution, it is necessary not to bar the fundamental performance as the 
electrolytic solutions, such as conformity between conductivity, the operating potential range, operating temperature 
limits, and an electrode material. For example, in almost all cases, an above-mentioned inorganic compound and an 
above-mentioned halogenide are a solid matter, are insoluble to an organic solvent and reduce conductivity 
Moreover, halogenated hydrocarbons, such as a methylene chloride currently generally used as an organic solvent 
have a low die ectnc constant and since conductivity is reduced, they cannot be used as a solvent used for the 
electrolytic solution. 



[Translation done.] 



2003/08/13 10:25 



http:/ / www4.ipdl jpo.go jp/cgi-bin/tranj/veb j:gi_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] It became possible to obtain the electrolytic solution which shows the fire retardancy which 
was excellent in the solubility of a lithium salt solute, and was suitable and excellent in the electrolytic solution of a 
lithium cell with this invention. 

[0031] The electrolytic solution for lithium cells of this invention is used as the electrolytic solution of the high lithium 
cell of safety, especially a portable lithium cell. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Since the solvent which is very easy to burn is being used for the 
above-mentioned lithium cell, when a eel! breaks by the interna! short circuit etc., it ignites to the electrolytic 
solution, and a device may be damaged or sparks may result in a fire. Especially, a lithium cell comes to be carried in a 
portable equipment and the safety of a lithium cell is changing importance with increase and a social problem 
increasingly in recent years. 
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MEANS 



[Means for Solving the Problem] Maintaining the property as a cell by using low-grade phosphoric ester as the solvent 
or assistant solvent of the electrolytic solution, he succeeded in obtaining the electrolytic solution which shows fire 
retardancy. and this invention person completed this invention. 
[0006] That is, this invention is general formula (I):. [0007] 
[Formula 2] 

r 0 R i ] 

I 

R t 0 - P = 0 (I) 
I 

1 • - OR i 1 . ■ • c ■ 

[0008] ( — R1-R3 are the alkyl groups of the shape of a straight chain of carbon numbers 1-4 which may differ even if 
mutually the same, and the letter of branching among a formula the flameproofing agent of the electrolytic solution for 
lithium cells which is shown by) and which is trialkyl phosphate — being related — : — it is related with the method of 
carrying out flameproofing of the electrolytic solution for lithium cells of making this flameproofing agent containing 
1 551 of the weight or more in the solvent of the electrolytic solution again 

[0009] In the electrolytic solution for lithium cells which dissolved lithium salt in the organic solvent, the fire-resistant 
electrolytic solution is obtained by using the solvent containing phosphoric ester. That is, this invention offers the 
flameproofing agent and the flameproofing method of making the electrolytic solution for lithium cells fire retardancy. 
[0010] 

[Embodiments of the Invention] The phosphoric ester to be used is the trialkyl phosphate (I) expressed with the 
following general formula, the monocycle formula phosphate (II) which alkyl groups combined mutually, and 2 ring type 
phosphate (III). 
[0011] 
[Formula 3] 
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[0012] (R1-R4 are the alkyl groups of the shape of a straight chain of carbon numbers 1-4, and the letter of branching 
among a formula, and R1-may differ from R3 mutually.) - (C)- is a unit in the hydrocarbon group of the shape of a 
straight chain, and the letter of branching which has one carbon atom, and k, I, m, and n show the carbon number of 
this hydrocarbon group, and are k=2~8, I and m, and the integer of n=0-12. 

[0013] As what is expressed with a general formula (III) to methyl- ethylene phosphate and a methyl trimethylene 
phosphate; row as phosphoric ester expressed with a general formula (I) as an example as trimethyl phosphate, 
dimethyl ethyl phosphate, methylethyl propyl phosphate, methyl diethyl phosphate, tri ethyl phosphate, TORIPURO pill 
phosphate, and a thing expressed with tributyl phosphate; general formula (II) [0014] 
[Formula 4] 
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[0015] And trimethylolethane phosphate etc. can be illustrated. Also in these, the direction of phosphoric ester with 
small molecular weight melts a solute well, and since electrical conductivity is high, it is desirable. Since the Lynn 
content in the molecular structure is the highest and fire retardancy is large and does not ignite most highly 
electrical conductivity ], especially trimethyl phosphate is the most desirable. 

[001 6] The phosphoric ester used by this invention is trialkyl phosphate shown by the general formula (I). 
[001 7] Although the rate for which it accounts to the electrolytic solution of the above-mentioned phosphoric ester 
changes with military requirements of a lithium cell, when a solvent is made into the whole quantity and phosphoric 
ester, a fire-resistant high lithium cell is obtained most In order to add as an assistant solvent to the conventional 
electrolytic solution and to raise fire retardancy, if it is used 30% of the weight or more preferably, good fire 
retardancy will be acquired 1 5% of the weight or more. 

[001 8] As a solvent which mixes the above-mentioned phosphoric ester, ether solvents, such as lactone solvent" 1 [, 
such as carbonate solvent gamma-butyrolactone, ]. such as ethylene carbonate, propylene carbonate, and butylene 
carbonate, 2-dimethoxyethane, 1. 3-dioxolane, and a tetrahydrofuran, can be illustrated. 
[0019] Moreover, as a solute, LJCI04, LiBF4, LiPF6, LiAsF6. LJCF3S03, and UAICI4 grade can be illustrated. 
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EXAMPLE 



[Example] The example of reference and the example of comparison are given to below, and this invention is explained 
still more concretely. 

[0021] As a fire-resistant appraisal method of the electrolytic solution, the rate of combustion of the paper which 
sank in the electrolytic solution was adopted. The flash point was measured by the Pensky Martens closed tester. 
[0022] The Manila paper of 40 micrometers in width of face of 15mm, a length of 320mm, and thickness and density 
0.6 g/cm3 was dipped in the electrolytic solution (electrical conductivity 5.6 mS/cm in 25 degrees C) which dissolved 
UBF4 [ with a mol concentration of 1 ] in example 1 tri methyl phosphate for 1 minute, for 3 minutes, it hung 
perpendicularly and the excessive electrolytic solution was removed. Thus, the Manila paper into which the 
electrolytic solution was infiltrated was immediately extinguished in less than 10mm of combustion distance, when it 
fixed at a level with the sample maintenance base which has a support needle at intervals of 25mm and the end was 
lit in a match. 

[0023] When asked for the rate of combustion from time to dip Manila paper in the electrolytic solution (electrical 
conductivity 7.8 mS/cm in 25 degrees C) which dissolved LiBF4 [ with a mol concentration of 1 ] in example of 
comparison 1 gamma-butyrolactone on the same conditions as an example 1, and burn 300mm by the same ignition 
examination, the rate of combustion was 10 mm/s. 

[0024] In an example 2 and three examples 1, the solvent was changed into the mixed solvent (example 3) of the 
weight ratio 1:1 of triethyl phosphate (example 2), and gamma-butyrolactone and trimethyl phosphate, and the same 
ignition examination was performed. All showed high fire retardancy. 

[0025] In the example 1 of example of comparison 2 comparison, when the solvent was changed into propylene 
carbonate and the same examination was performed, it was a flammability. 

[0026] The same ignition examination was performed about the Manila paper which does not sink in at all as the 
example 1 of reference - an example 1 of 7 reference, and the Manila paper which sank in only the solvent as 
examples 2-7 of reference. 

[0027] The result of these ignition examinations; the electrical conductivity of flash point [ of each example, the 
example of comparison, and the example (except for example 1 of reference) sample of reference ]; and each example, 
and the example sample of comparison is summarized in a row, and it is shown in Table 1 . 
[0028] In addition, the following cable address was used in Table 1. 

GBL: Gamma-butyrolactone PC : Propylene-carbonate TMPrtri methyl-phosphate TEP^riethyl phosphate TBP: 
Tributyl phosphate. [0029] 
[Table 1] 
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